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Abstract
This paper is the second paper in a series of four papers that introduce
cybersusy, which is a new method for analyzing supersymmetry breaking in
the standard supersymmetric model (SSM). The first paper was a summary
of the results and the three next papers set out the details. In this second
paper, we derive the full BRS operator and action for the general mass-
less Wess-Zumino chiral supersymmetry action. This includes the source
terms which bring in the equations of motion. The auxiliary field is in-
tegrated, which removes manifest supersymmetry, but which allows the
Legendre transform to operate correctly to define one-particle-irreducible
vertices from the connected Green’s functions. Then some special terms in
the BRS cohomology are described, together with the constraint equations
that they must satisfy. These ‘simple dotspinors’ are generated by a ‘funda-
mental dotspinor’, which is constructed partly from the Zinn sources. The
equations of motion play a very important role in the cohomology for this
theory. These dotspinors play an interesting role in the BRS cohomology
of the standard model, which is the subject of the third paper in the series.
∗jadix@telus.net
†Fax: (403) 266-1487
1
21 Introduction
In the previous paper [6], which was the first of a series of
four papers, a summary of a new mechanism for supersymme-
try breaking in the SSM was outlined, and the results were
summarized for the leptons.
The mechanism was based on the cybersusy algebra which
arises for composite operators in the BRS cohomology of the
SSM when gauge symmetry is broken. When this algebra is
used to construct an effective action with the appropriate ef-
fective fields, supersymmetry is explicitly broken in a unique
way. This breaking occurs sector by sector for each set of dif-
ferent quantum numbers. In [6] we looked at the leptons. The
various kinds of baryons also look promising, as we shall see in
[8], although the masses are not yet worked out for any of the
examples for that case.
In [6], we looked at only some small parts of a few composite
operators, but the mechanism is much more general than that,
as will be seen in [8]. But first we need more machinery to look
at the composite operators.
This is the second paper of the series. This paper presents
the derivation of the BRS nilpotent operator δ for the massless
but interacting chiral scalar Wess-Zumino action, but it does so
in rather a special way. The main feature of this derivation is
that the auxiliary fields F i are integrated out, so that manifest
supersymmetry is lost. There are several reasons for doing this:
1. The auxiliary field F i has no momentum dependent kinetic
term, and so is non-propagating. This means that it does
not fit into the usual scheme for reducing the connected
diagrams into one-particle-irreducible diagrams using the
Legendre transform. This is an essential part of the formu-
lation of the BRS identity using the sources of Zinn-Justin.
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32. If one keeps the auxiliary field without integrating it, then
the cohomology will be dependent on F i. There is then an
issue about integrating the auxiliary field in the cohomol-
ogy, which is again hard to sort out.
In summary, no error can be introduced by integrating the
auxiliary field F i , whereas keeping it unintegrated creates nu-
merous puzzles that seem hard to sort out. Manifest supersym-
metry is lost by doing this, but supersymmetry is still present,
albeit somewhat more obscurely. However the supersymmetry
is embedded in the BRS operator and its nilpotence, as we shall
show.
The integration results in constraints and a whole new set of
invariants that are not apparent when superfields are used.
The massless interacting theory is chosen because we are
interested in applying these results to the massless standard
supersymmetric model in the third paper [8].
We will explain how to pick out some special terms in the
BRS cohomology of δBRS. This special set is an infinite set
of ghost charge zero composite operators that transform under
δBRS as though they were chiral dotted spinor superfields. We
will call this infinite set the ‘simple dotspinors’.
They are all generated by a ‘fundamental dotspinor’. How-
ever the fundamental dotspinor does not transform as a super-
field. It has extra inhomogeneous terms in its transformation.
In composite operators including the fundamental dotspinor,
it is possible to introduce constraints so that the composite
transforms like a superfield, even though the constituents do
not. To be specific, we will find that there is a scalar partly
composite operator that transforms exactly like a superfield:
δAˆi = (C ·Q+ C ·Q)Aˆi ≡ δSSAˆ
i (1)
where δSS is what one expects for the transformation of a chiral
3
4scalar superfield. The fundamental dotspinor, however, trans-
forms like this:
δφˆiα˙ = (C ·Q+ C ·Q)φˆiα˙ − gijkAˆ
jAˆkC α˙ (2)
≡ δSSφˆiα˙ − gijkAˆ
jAˆkC α˙ (3)
The quadratic inhomogeneous part gijkAˆ
jAˆkC α˙ in (3) drops out
of the transformation of certain symmetric composites formed
from products of Aˆi and φˆjα˙, provided that:
gs(jn+1jn+2f
[si2···i2m+1]
j1···jn)
= 0 (4)
where the expression must be symmetrized over the indices
(j1 · · · jnjn+1jn+2), and where the tensor f
[i1i2···i2m+1]
(j1···jn)
is used to
put together the product of factors of Aˆjr and φˆisα˙s. This will be
shown in detail below. These rather peculiar results were found
using spectral sequences [5]. However they will be derived here
in a more explicit and usable way, without reference to their
origin. There are two reasons for this
1. The spectral sequence is long, hard and has unsolved prob-
lems.
2. We need the explicit results anyway, and the spectral se-
quence does not give them.
The derivation of equation (3) is done very explicitly below. It
is a curious fact that there are two ways to get equation (3)
(spectral sequence, and detailed component calculation), and
both of them are quite arduous, although the result is a simple
one. Equation (4) follows easily from equation (3), once one
has made appropriate definitions.
In the next paper of this series [8], these results will be ap-
plied to the supersymmetric standard model (SSM).
4
52 The Wess Zumino model and its cohomology
First we will derive the form of δBRS for this model.
3 BRS Transformations with Zinn Sources for the
Wess Zumino Model
3.1 Chiral Supersymmetry Transformations
In Table 6, we summarize the Field Transformations for Pure
Chiral Supersymmetry [1]. These transformations close in the
sense that
δ2 = 0. (5)
The quantity Cα, its complex conjugate C α˙, and ξαβ˙ are
space-time constant supersymmetry ghosts. Cα is a commuting
quantity and ξαβ˙ is anticommuting. When this theory is em-
bedded in supergravity, these become space-time dependent,
but we shall not consider that here. There is plenty going on
in the rigid supersymmetric theory to occupy our attention for
the time being.
Chiral Transformations
δAi = ψiβC
β + ξγδ˙∂γδ˙A
i
δAi = ψiβ˙C
β˙
+ ξγδ˙∂γδ˙Ai
δψiα = ∂αβ˙A
iC
β˙
+ CαF
i + ξγδ˙∂γδ˙ψ
i
α
δψiα˙ = ∂αα˙AiC
α + C α˙F i + ξ
γδ˙∂γδ˙ψiα˙
δF i = ∂αβ˙ψ
iαC
β˙
+ ξγδ˙∂γδ˙F
i
δF i = ∂αβ˙ψ
β˙
i C
α + ξγδ˙∂γδ˙F i
δξαβ˙ = −CαC β˙
(6)
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63.2 Action and BRS Identity for massive interacting chiral su-
persymmetry including Zinn-Justin’s sources
The most obvious way to formulate the BRS-ZJ identity is to
start with the following action [1] [3].
ATotal = AWZ +AZJ +ASources (7)
where we will start with the massless Wess-Zumino action,
which is [1]:
AWZ =
∫
d4x
{
F iF i − ψ
i
α∂
αβ˙ψiβ˙ +
1
2
∂αβ˙A
i∂αβ˙Ak
+gijk
(
F iAjAk − ψiαψjαA
k
)
+ gijk
(
F iAjAk − ψ
α˙
i ψjα˙Ak
)}
(8)
Using the BRS operator δ defined in equation (6), this action
satisfies the invariance
δAWZ = 0 (9)
and the operator δ satisfies the nilpotence condition
δ2 = 0 (10)
The Zinn Justin action [3] is formed from sources coupled to
the variations in equation (6):
AZJ =
∫
d4x{
Γiψ
i
βC
β + Y αi
(
∂αβ˙A
iC
β˙
+ F iCα
)
+ξγδ˙
(
Y αi ∂γδ˙ψ
i
α − Γi∂γδ˙A
i
)
+Complex Conjugate
}
−Xγδ˙CγC δ˙ (11)
and the Source term is:
ASources =
∫
d4x
{
A˘iA
i + ψ˘αi ψ
i
α + Complex Conjugate
}
(12)
We do not introduce sources for the auxiliary field F or for its
variation, because we will integrate the auxiliary field while we
formulate the BRS identity.
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73.3 ‘Physical’ Formulation of BRS-ZJ Identity
As usual one defines a set of Green’s functions by an integral
over paths:
GDisconnected. = e
iGConnected. = (13)
Πx
∫
δAiδAiδψ
i
αδψiα˙δF
iδF ie
iATotal (14)
Now we make the field transformations (and their complex
conjugates):
Ai → Ai + εδAi (15)
ψiα → ψ
i
α + εδψ
i
α (16)
F i → F i + εδF i (17)
where ǫ is an anticommuting quantity and δ is defined by equa-
tion (6). Using the invariance of the action under this field
transformation yields the identity:
∫
d4x
A˘iδGConnectedδΓi − ψ˘αi
δGConnected
δY αi
+A˘
iδGConnected
δΓ
i − ψ˘
iα˙δGConnected
δY
iα˙
}
+CαC
β˙∂GConnected
∂ξαβ˙
= 0 (18)
3.4 Action for massive interacting chiral supersymmetry after
integration of auxiliary F i
By performing the integration of F i and F i, which can be done
by completing the square since there is no kinetic term for the
auxiliary fields, this can be written:
GDisconnected. = e
iGConnected. = (19)
= Πx
∫
δAiδAiδψ
i
αδψiα˙e
i{APhysical+ASources} (20)
7
8where
APhysical
=
∫
d4x
{
−
(
gijkAjAk + Y
iβ˙
C β˙
)
(
gilqA
lAq + Y βi cβ
)
− ψiα∂
αβ˙ψiβ˙
−gijkψ
iαψjαA
k − gijkψ
α˙
i ψjα˙Ak
+
1
2
∂αβ˙A
i∂αβ˙Ak + Γiψ
i
βc
β + Γ
i
ψiβ˙C
β˙
+Y αi ∂αβ˙A
jC
β˙
+ Y
iβ˙
∂αβ˙Ajc
α
+ξγδ˙
(
Y αi ∂γδ˙ψ
i
α + Y
iβ˙
∂γδ˙ψiβ˙ − Γi∂γδ˙A
i − Γ
i
∂γδ˙Ai
)}
−Xγδ˙CγC δ˙ (21)
3.5 BRS-ZJ identity in the Physical Formulation
A Legendre transform now takes the connected Green’s func-
tional to the 1PI functional. The Legendre transform is of the
form:
GConnected. = G1PI+
∫
d4x
{
A˘iA
i + ψ˘αi ψ
i
α +Complex Conjugate
}
(22)
where
δGConnected.
δA˘i
= Ai (23)
δGConnected.
ψ˘αi
= ψiα (24)
δG1PI
δAi
= −A˘i (25)
δG1PI
δψiα
= ψ˘αi (26)
and then the identity above in equation (18) is equivalent to:
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9∫
d4x
{
δG1PI
δΓi
δG1PI
δAi
+
δG1PI
δΓ
i
δG1PI
δAi
+
δG1PI
δψiβ˙
δG1PI
δY
iβ˙
+
δG1PI
δψiβ
δG1PI
δY
β
i
+ ∂G1PI∂ξαβ˙
∂G1PI
∂Xαβ˙
= 0 (27)
which we will abbreviate to
G1PI ∗ G1PI = 0 (28)
Here we can use the loop expansion:
G1PI = APhysical + G1PI−One Loop + G1PI−Two Loop + · · · (29)
Note that we have the following identity from zero loops:
APhysical ∗ APhysical = 0 (30)
3.6 Boundary Operator δ
Now we have a new nilpotent operator that is the ‘square root’
of the BRS-ZJ identity:
δ =
∫
d4x
{
δAPhysical
δAi
δ
δΓi
+
δAPhysical
δΓi
δ
δAi
+
δAPhysical
δAi
δ
δΓ
i +
δAPhysical
δΓ
i
δ
δAi
+
δAPhysical
δψiα
δ
δYiα
+
δAPhysical
δYiα
δ
δψiα
+
δAPhysical
δψ
α˙
i
δ
δY
i
α˙
+
δAPhysical
δY
i
α˙
δ
δψ
α˙
i

+
∂APhysical
∂Xαβ˙
∂
∂ξαβ˙
+
∂APhysical
∂ξαβ˙
∂
∂Xαβ˙
(31)
The explicit form of this new δ is summarized in Table 1, which
uses composite terms defined in Table 2.
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Table 1: Transformations for the Physical Formulation of the Massless BRS-ZJ Identity
δAi = δA
δΓi
= ψiβC
β + ξγδ˙∂γδ˙A
i
δAi =
δA
δΓ
i = ψiβ˙C
β˙
+ ξγδ˙∂γδ˙Ai
δψiα =
δA
δY α
i
= ∂αβ˙A
iC
β˙
+ CαG
i + ξγδ˙∂γδ˙ψ
i
α
δψiα˙ =
δA
δY
iα˙ = ∂αα˙AiC
α + C α˙Gi + ξ
γδ˙∂γδ˙ψiα˙
δΓi =
δA
δAi
= − 12∂αβ˙∂
αβ˙Ai + gijkG
jk
−∂αβ˙Y
α
i C
β˙
+ ξγδ˙∂γδ˙Γi
δΓ
i
= δA
δAi
= − 12∂αβ˙∂
αβ˙Ai + gijkGjk
−∂αβ˙Y
iβ˙
Cα + ξγδ˙∂γδ˙Γ
i
δY αi =
δA
δψiα
= −∂αβ˙ψiβ˙ + 2gijkψ
jαAk − ΓiC
α + ξγδ˙∂γδ˙Y
α
i
δY
iα˙
= δA
δψ
α˙
i
= −∂βα˙ψiβ
+2gijkψ
α˙
j Ak − Γ
i
C
α˙
+ ξγδ˙∂γδ˙Y
iα˙
δGi = ∂αβ˙ψ
iαC
β˙
+ ξγδ˙∂γδ˙G
i
δGij = ∂αβ˙
(
Aiψjα +Ajψiα
)
C
β˙
δGijk = ∂αβ˙
(
AiAjψkα +A
jAkψiα +A
kAiψjα
)
C β˙
δξαβ˙ =
∂A
∂Xαβ˙
= −CαC β˙
δXαβ˙ =
∂A
∂ξαβ˙
=
∫
d4x Ξαβ˙
δCα = 0
δC β˙ = 0
The equation
δ2 = 0 (32)
follows from equation (30), as does the equation:
δAPhysical = 0 (33)
One can also verify these explicitly using Table 1 and Table 2.
3.7 Derivative Form of δ
Another way to write δ for the massless interacting case is:
δ =
∫
d4x
(
ψiβC
β + ξγδ˙∂γδ˙A
i
) δ
δAi
(34)
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Table 2: Composite Terms G for Massless Chiral Supersymmetry
Gi = −
(
gijkAjAk + Y
iβ˙
C β˙
)
Gij = AiGj +AjGi − ψiαψjα
G(ijk) = AiAjGk +AjAkGi +AkAiGj
−ψiαψjαA
k − ψjαψkαA
i − ψkαψiαA
j
Gi = −
(
gilqA
lAq + Y βi Cβ
)
Gij = AiGj +AjGi − ψ
β˙
i ψj,β˙
= −Aj
(
gilqA
lAq + Y βi Cβ
)
−Ai
(
gjlqA
lAq + Y βj Cβ
)
− ψ
β˙
i ψj,β˙
Ξγδ˙ = Y
α
i ∂γδ˙ψ
i
α + Y
iβ˙
∂γδ˙ψiβ˙ − Γi∂γδ˙A
i − Γ
i
∂γδ˙Ai
+
∫
d4x
(
∂αβ˙A
iC
β˙
+ CαG
i + ξγδ˙∂γδ˙ψ
i
α
)
δ
δψiα
(35)
+
∫
d4x
(
−
1
2
∂αβ˙∂
αβ˙Ai + gijkG
jk − ∂αβ˙Y
α
i C
β˙
+ ξγδ˙∂γδ˙Γi
)
δ
δΓi
(36)
+
∫
d4x
(
−∂αβ˙ψiβ˙ + 2gijkψ
jαAk − ΓiC
α + ξγδ˙∂γδ˙Y
α
i
) δ
δY αi
(37)
+Complex Conjugate +
∫
d4x Ξαβ˙
∂
∂Xαβ˙
− CαC β˙
∂
∂ξαβ˙
(38)
where
Gi −
(
gijkAjAk + Y
iβ˙
C β˙
)
(39)
and
Gij = AiGj + AjGi − ψiαψjα (40)
We will drop the term∫
d4x Ξαβ˙
∂
∂Xαβ˙
(41)
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for now. The resulting δ is still nilpotent, and dropping this
term eliminates one part from the cohomology that seems to
have little importance at this stage.
3.8 Expanded Form of δ
If we expand everything explicitly, and drop the term (41), this
becomes:
δ =
∫
d4x
(
ψiβC
β + ξγδ˙∂γδ˙A
i
) δ
δAi
(42)
+
∫
d4x
(
∂αβ˙A
iC
β˙
− Cα
(
gijkAjAk + Y
iβ˙
C β˙
)
+ ξγδ˙∂γδ˙ψ
i
α
)
δ
δψiα
(43)
+
∫
d4x
(
−
1
2
∂αβ˙∂
αβ˙Ai (44)
+gijk
[
−Aj
(
gklmAlAm + Y
kβ˙
C β˙
)
− Ak
(
gjlmAlAm + Y
jβ˙
C β˙
)
− ψjαψkα
]
(45)
−∂αβ˙Y
α
i C
β˙
+ ξγδ˙∂γδ˙Γi
)
δ
δΓi
(46)
+
∫
d4x
(
−∂αβ˙ψiβ˙ + 2gijkψ
jαAk − ΓiC
α + ξγδ˙∂γδ˙Y
α
i
) δ
δY αi
(47)
+Complex Conjugate− CαC β˙
∂
∂ξαβ˙
(48)
4 Simple Dotspinors and Undotspinors: General De-
scription of Simple Generators
In [6] we wrote down the first parts of certain expressions for
composite operators with the quantum numbers of the electron
12
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and positron, and we claimed there that they could be built up
into composite chiral dotted spinor superfields.
In fact, those leptonic dotspinors originate in the cohomology
space of the operator δ in section 3.8. However, they refer to
the SSM and we must wait for [8] to discuss them. Here we
prepare for that in a general way.
First let us explain how to generate the simple dotspinors
and undotspinors for the general action and δ discussed above.
1. Firstly we have the simple generators ω(α˙1···α˙2m+1). These
have the form:
ω(α˙1···α˙2m+1) = f
[i1···i2m+1]
(j1···jn)
ψi1α˙1 · · ·ψi2m+1α˙2m+1A
j1 · · ·Ajn; (49)
m = 0, 1, 2 · · · , n = 0, 1, 2 · · · (50)
This expression has a number of symmetry properties:
(a) Note that ωα˙1···α˙2m+1 has an odd number of dotspinor in-
dices, so that it is a fermion. We indicate this by using a
Greek letter to describe it, which is a general convention
used here. Latin letters describe bosons.
(b) The brackets (· · ·) around the dotspinor indices (α˙1 · · · α˙2m+1)
indicate that these indices are symmetrized. This means
that the spin of ωα˙1···α˙2m+1 is J =
2m+1
2 , which is consis-
tent with it being a fermion.
(c) The brackets (· · ·) around the flavour indices (j1 · · · jn)
indicate that these indices are symmetrized, which is au-
tomatic because the fields Aj1 are commuting quantities.
(d) The brackets [· · ·] around the flavor indices [i1 · · · i2m+1]
indicate that these indices are antisymmetrized. This
antisymmetrization is mandated by the symmetry on
(α˙1 · · · α˙2m+1) and the fact that the spinors ψi1α˙1 are an-
ticommuting.
(e) In addition, the dimensionless numerical coefficients f
i1···i2m+1
j1···jn
13
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obeys a constraint, which arises from the following equa-
tion:
d3ω(α˙1···α˙2m+1) = 0 (51)
which, in detail, is:{
C α˙gijkA
jAkψ
†
iα˙
}
f
[i1···i2m+1]
(j1···jn)
ψi1α˙1 · · ·ψi2m+1α˙2m+1A
j1 · · ·Ajn = 0
(52)
This can be written as a constraint on the coefficients
by eliminating the fields by differentiation:
gs(jn+1jn+2f
[si2···i2m+1]
j1···jn)
= 0 (53)
where the expression must be symmetrized over the in-
dices (j1 · · · jnjn+1jn+2)
(f) The notation
d3 = C α˙gijkA
jAkψ
†
iα˙ + Complex Conjugate (54)
comes from the spectral sequence analysis, which was
introduced in [5]. We do not use that analysis here since
it is too incomplete to describe yet. All the results here
are proved explicitly instead, which is really more useful
for present purposes anyway. We shall see that this op-
erator d3 has a natural explanation in terms of the full
theory, as appears in section 8 below.
2. With suitable changes, all the above remarks also apply to
the simple generators ω(α1···α2m+1), which are the complex
conjugates of (49). These have the form:
ω(α1···α2m+1) = f
(j1···jn)
[i1···i2m+1]
ψi1(α1 · · ·ψ
i2m+1
α2m+1)
Aj1 · · ·Ajn; (55)
m = 0, 1, 2 · · · , n = 0, 1, 2 · · · (56)
The complex conjugate constraint is:{
Cαg
ijkAjAkψ
i†
α˙
}
f
(j1···jn)
[i1···i2m+1]
ψi1(α1 · · ·ψ
i2m+1
α2m+1)
Aj1 · · ·Ajn; (57)
m = 0, 1, 2 · · · , n = 0, 1, 2 · · · (58)
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3. With suitable changes, these remarks also apply to the sim-
ple generators A(α˙1···α˙2m). These are bosons because they
have integer spin J = 2m2 = m. These have the form:
A(α˙1···α˙2m) = f
[i1···i2m]
(j1···jn)
ψi1(α˙1 · · ·ψi2mα˙2m)A
j1 · · ·Ajn; (59)
m = 0, 1, 2 · · · , n = 0, 1, 2 · · · (60)
4. With suitable changes, these remarks also apply to the sim-
ple generators A(α1···α2m). These are bosons because they
have integer spin J = 2m2 = m. These have the form:
A(α1···α2m) = f
(j1···jn)
[i1···i2m]
ψ
[i1
(α1
· · ·ψ
i2m]
α2m)
A(j1 · · ·Ajn); (61)
m = 1, 2 · · · , n = 0, 1, 2 · · · (62)
In the next sections we shall explain how to build these sim-
ple generators into full expressions which are in the cohomology
space of the operator δ defined by Table 1. To do that we will
review superspace first in our notation, and then a new kind
of construction which we call pseudosuperspace. Pseudosuper-
space is just superspace, but the components of the superfields
are composite, so we have to be a bit careful.
5 Quick Review of Superspace
5.1 Superspace Notation
Dα is the superspace covariant derivative, defined by
Dα =
∂
∂θα
+
1
2
θ
β˙
∂αβ˙ (63)
The complex conjugate superspace covariant derivative is de-
fined by: Dα˙
Dα˙ =
∂
∂θ
α˙ +
1
2
θβ∂βα˙ (64)
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We also define the superspace translation generator by Qα
Qα =
∂
∂θα
−
1
2
θ
β˙
∂αβ˙ (65)
and complex conjugate superspace translation generator is de-
fined by: Qα˙
Qα˙ =
∂
∂θ
α˙ −
1
2
θβ∂βα˙ (66)
We also define the chirally translated quantity
yγδ˙ = xγδ˙ +
1
2
θγθδ˙ (67)
where xγδ˙ are the coordinates of spacetime. It satisfies:
Dα˙yγδ˙ = 0 (68)
5.2 Superspace Expansion
First we shall recall some standard superfield theory, using our
notation.
5.2.1 Chiral Scalar Superfields
Âp is used to describe an arbitrary set of chiral scalar superfields
and p = 1...n is an index to distinguish among the members
of the set. An expansion in superspace can be written in the
compact form:
Âp(x) = Ap(y) + θαψpα(y) +
1
2
θ · θF p(y) (69)
where Ap is a set of scalar fields, ψpα is a set of spinor fields
(where α = 1, 2 is a two-component Weyl spinor index), and
F p are a set of auxiliary scalar fields.
This satisfies the constraint
Dα˙Â
p(x) = 0 (70)
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which is satisfied so long as the parameter satisfies
Dα˙yγδ˙ = 0 (71)
which means that
yγδ˙ = xγδ˙ +
1
2
θγθδ˙ (72)
where xγδ˙ are the coordinates of spacetime.
The components transform in the following way:
δAp = ψpαC
α + ξγδ˙∂γδ˙A
p
δψpα = ∂αβ˙A
pC
β˙
+ F pCα + ξ
γδ˙∂γδ˙ψ
p
α
δF p = ∂βγ˙ψ
pβC
γ˙
+ ξγδ˙∂γδ˙F
p
(73)
When we use a different letter than Â to indicate the super-
field, for example B̂, we will use a notation that indicates this
by writing B, ψB and FB for the other components.
Thus we have:
Âp(x) = Ap(y) + θαψpα(y) +
1
2
θ · θF p(y) (74)
but
B̂p(x) = Bp(y) + θαψpB,α(y) +
1
2
θ · θF pB(y) (75)
This is a useful notation when we come to the SSM, since there
are many different superfields there.
5.2.2 Chiral Dotted Spinor Superfields
ω̂pα˙ is used to describe an arbitrary set of dotted chiral spinor
superfields and p = 1...n is an index to distinguish among the
members of the set. An expansion in superspace can be written
in the compact form:
ω̂pα˙(x) = ωpα˙(y) + θ
δWpδα˙(y) +
1
2
θ · θΛpα˙(y) (76)
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18
where ωpα˙ is a set of dotted spinor fields, Wpδα˙ is a set of vector
fields, and Λpα˙ are a set of dotted spinor fields. This satisfies
the constraint
Dα˙ω̂pβ˙ = 0 (77)
It transforms in the following way:
δωpα˙ = Wpαα˙C
α + ξγδ˙∂γδ˙ωpα˙
δWpαα˙ = ∂αβ˙ωpα˙C
β˙
+ Λpα˙ Cα + ξ
γδ˙∂γδ˙Wpαα˙
δΛpα˙ = ∂βγ˙W
β
p α˙C
γ˙
+ ξγδ˙∂γδ˙Λpα˙
(78)
This is just the transformation of a chiral scalar, with an extra
index α˙ carried along inertly.
The complex conjugate is:
ω̂
i
α(x) = ω
i
α(y) + θ
δ˙
W
i
δα˙(y) +
1
2
θ · θΛ
i
α(y) (79)
It transforms in the following way:
δωˆ
i
α = W
i
αβ˙C
β˙
+ ξγδ˙∂γδ˙ω
i
α
δW
i
αβ˙ = ∂γβ˙ω
i
αC
γ + Λ
i
αC β˙ + ξ
γδ˙∂γδ˙W
i
αβ˙
δΛ
i
α = ∂γβ˙W
i β˙
α C
γ + ξγδ˙∂γδ˙Λ
i
α
(80)
When we use a different letter to indicate the superfield, for
example φ̂pα˙, so that its spinorial component is φpα˙, we will
use a notation that indicates this by writing Wφ,pδα˙ and Λφ,pα˙
for the other components. This is similar to (75). Thus for
example:
φ̂pα˙(x) = φpα˙(y) + θ
δWφ,pδα˙(y) +
1
2
θ · θΛφ,pα˙(y) (81)
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6 Pseudosuperspace
Since we have integrated the auxiliary in defining our opera-
tor δ, we no longer can use superspace. However there is a
replacement for superspace which works in a similar way. The
differences are important however.
6.1 The fundamental chiral composite scalar pseudosuperfield
First we define the ‘fundamental chiral composite scalar pseu-
dosuperfield’:
Aˆi(x) = Ai(y) + θβψiβ(y) +
1
2
θγθγG
i(y) (82)
whereGi is defined in Table 2. This is a chiral pseudosuperfields
and it satisfies:
Dδ˙Aˆ
i(x) = 0 (83)
It is easy to verify that Aˆi really does transform, under the
action of δ defined by (1), just like an ordinary superfield, so
we can write:
δAˆi = (C ·Q+ C ·Q)Aˆi (84)
In other words Aˆi transforms like the fields in equation (6),
except that the composite field Gi has taken the place of F i in
those equations. In other words we have
δAi = ψiαC
α + ξγδ˙∂γδ˙A
i
δψiα = ∂αβ˙A
iC
β˙
+GiCα + ξ
γδ˙∂γδ˙ψ
i
α
δGi = ∂βγ˙ψ
pβC
γ˙
+ ξγδ˙∂γδ˙G
i
(85)
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6.2 The fundamental chiral composite dotted spinor pseudosu-
perfields
Next we define the ‘fundamental chiral composite dotted spinor
pseudosuperfield’:
φˆiα˙(x) = ψα˙i(y) + θ
β
(
∂βα˙Ai(y) + C α˙Yiβ(y)
)
−
1
2
θγθγΓi(y)C α˙
(86)
From equation (81), the standard notation for a chiral dotted
spinor superfield is
φ̂iα˙(x) = φiα˙(y) + θ
δWφ,iδα˙(y) +
1
2
θ · θΛφ,iα˙(y) (87)
So we make the identifications:
φiα˙ = ψα˙i (88)
Wφ,iδα˙ =
(
∂βα˙Ai + C α˙Yiβ
)
(89)
Λφ,iα˙ = −ΓiC α˙ (90)
This is a chiral pseudosuperfield:
Dδ˙φˆiα˙(x) = 0 (91)
It turns out that the transformations δ defined by (3.8) in-
duce transformations on this composite expression φˆiα˙ so that
it transforms as a dotted chiral spinor superfield, except that
there are extra terms in addition to the usual ones (so it is not
really a superfield at all, in the usual sense):
δφˆiα˙ = (C ·Q+ C ·Q)φˆiα˙ − gijkAˆ
jAˆkC α˙ + ξ
γδ˙∂γδ˙φˆiα˙ (92)
This means the following in components:
δφiα˙ = Wφ,iαα˙C
α − gijkA
jAkC α˙ + ξ
γδ˙∂γδ˙φiα˙
δWφ,iαα˙ = ∂αβ˙φiα˙C
β˙
+ Λiα˙Cα + 2gijkA
jψkαC α˙ + ξ
γδ˙∂γδ˙Wφ,iαα˙
δΛφ,iα˙ = ∂βγ˙W
β
φ,i α˙C
γ˙
− gijk
(
2AjGk − ψjβψkβ
)
C α˙ + ξ
γδ˙∂γδ˙Λφ,iα˙
(93)
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We shall demonstrate these transformations for the complex
conjugate, which follows in the next section.
7 The fundamental antichiral composite undotted
spinor pseudosuperfields
The complex conjugate of (86) is:
φˆ
i
α(x) = ψ
i
α(y) + θ
β˙
(
∂αβ˙A
i(y) + CαY
i
β˙(y)
)
−
1
2
θ
γ˙
θγ˙Γ
i
(y)Cα
(94)
and the standard notation is:
φ̂
i
α(x) = φ
i
α(y) + θ
δ˙
W
i
φ,δα˙(y) +
1
2
θ · θΛ
i
φ,α(y) (95)
So we identify
φ
i
α = ψ
i
α (96)
W
i
φ,αβ˙ =
(
∂αβ˙A
i + CαY
i
β˙
)
(97)
Λ
i
φ,α = −Γ
i
Cα (98)
We will now show that this composite expression φˆ
i
α does
transform as an undotted antichiral spinor superfield, except
that there are extra terms in addition to the usual ones, as
follows:
δφˆ
i
α = (C ·Q + C ·Q)φˆ
i
α − g
ijkAˆjAˆkCα + ξ
γδ˙∂γδ˙φˆ
i
α (99)
We can ignore the ξγδ˙∂γδ˙ terms. In components this is :
δφ
i
α = W
i
φ,αβ˙C
β˙
− Cαg
ijkAjAk
δW
i
φ,αβ˙ = ∂γβ˙φ
i
αC
γ + Λ
i
φ,αC β˙ + 2Cαg
ijkAjψkβ˙
δΛ
i
φ,α = ∂γβ˙W
i β˙
φ,αC
γ − Cαg
ijkGjk
(100)
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where we use
Gij = AiGj +AjGi − ψ
β˙
i ψj,β˙ (101)
It is straightforward to verify that the expressions (96), (97)
and (98) do generate these transformations (100) when we use
δ defined by Table 1. We will now demonstrate this very im-
portant fact explicitly:
7.1 Verification of the first transformation
The first transformation is:
δφ
i
α = δψ
i
α =
(
∂αβ˙A
iC
β˙
− Cα
(
gijkAjAk + Y
iβ˙
C β˙
))
(102)
=
(
∂αβ˙A
iC
β˙
+ CαY
i
β˙
)
C
β˙
− Cαg
ijkAjAk (103)
= W φ,αβ˙C
β˙
− Cαg
ijkAjAk (104)
So this first term is indeed transforming as though it were the
lowest term of an antichiral undotted spinor superfield, pro-
vided we add on the extra terms −Cαg
ijkAjAk.
7.2 Verification of the second transformation
The next transformation, from (97), is:
δW
i
φ,αβ˙ = δ
(
∂αβ˙A
i + CαY
i
β˙
)
(105)
and using δ defined by Table 1, we get
δW
i
φ,αβ˙ = ∂αβ˙ψ
i
γC
γ+Cα
(
∂ββ˙ψ
iβ + 2gijkψjβ˙Ak − Γ
i
C β˙
)
(106)
= ∂αβ˙ψ
i
γC
γ + Cα∂ββ˙ψ
iβ + Cα2g
ijkψjβ˙Ak − CαΓ
i
C β˙ (107)
and using a Fierz transformation plus the definitions (96) and
(98) this takes the desired form in (100):
δW
i
φ,αβ˙ = ∂γβ˙φ
i
αC
γ − Λ
i
φ,αC β˙ + 2Cαg
ijkAjψkβ˙ (108)
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Here is the Fierz transformation:
∂αβ˙ψ
i
γC
γ + ∂γβ˙ψ
iγCα = −Cγ∂αβ˙ψ
iγ + Cα∂γβ˙ψ
iγ (109)
= −εαγC
δ∂δβ˙ψ
iγ = Cδ∂δβ˙ψ
i
α = ∂δβ˙φ
i
αC
δ (110)
where we use
−εαγA
δBδ = AαBγ − AγBα (111)
which we verify by
εγα(−εαγA
δBδ) = ε
γα(AαBγ − AγBα) = 2A
γBγ (112)
See Appendix A for further conventions.
7.3 Verification of the third transformation
The third transformation is
δΛ
i
φ,α = −δΓ
i
Cα (113)
and using δ defined by Table 1, we get
δΛ
i
φ,α = −
(
−
1
2
∂αβ˙∂
αβ˙Ai + gijkGjk − ∂δβ˙Y
iβ˙
Cδ
)
Cα (114)
=
1
2
∂γβ˙∂
γβ˙AiCα − g
ijkGjkCα + ∂δβ˙Y
iβ˙
CδCα (115)
=
1
2
∂γβ˙∂
γβ˙AiCα − g
ijkGjkCα + ∂δβ˙Y
iβ˙
CδCα (116)
and we want to get
δΛ
i
φ,α = ∂γβ˙W
i β˙
φ,αC
γ − Cαg
ijkGjk (117)
where
W
i
φ,αβ˙ =
(
∂αβ˙A
i + CαY
i
β˙
)
(118)
Substitution in equation (117) yields
δΛ
i
φ,α = ∂γβ˙
(
∂ β˙α A
i + CαY
iβ˙
)
Cγ − Cαg
ijkGjk (119)
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= εγα∆A
iCγ + Cα∂γβ˙Y
iβ˙
Cγ − Cαg
ijkGjk (120)
= ∆AiCα + Cα∂γβ˙Y
iβ˙
Cγ − Cαg
ijkGjk (121)
=
1
2
∂γβ˙∂
γβ˙AiCα − g
ijkGjkCα + ∂δβ˙Y
iβ˙
CδCα (122)
So we have shown that equations (116) and (117) are the same,
and we have established that indeed (117) is true.
Here we have used
∂γβ˙∂
β˙
α = εγα∆ (123)
which is verified by
εγα∂γβ˙∂
β˙
α = ε
γαεγα∆ = 2∆ = ∂γβ˙∂
γβ˙ (124)
consistent with the conventions in Appendix A.
So we have established equation (99) and its component form
(100) in detail. The complex conjugates (92) and (93) are there-
fore also true.
8 Construction of the full forms for the Simple Pseu-
dosuperfields ωˆ(α˙1···α˙2m+1) etc.
Hence the constraints such as equation (52) can be seen to
result from equation (92) simply by taking the θ and θ inde-
pendent parts.
So we see that in fact there are chiral and antichiral pseu-
dosupermultiplets here generated by the forms in subsection
4, provided that the constraints like (52) are satisfied. All we
need to do is add hats to all the fields in subsection 4 to get
the pseudosuperfields rather than the generators.
We also perform the substitution
ψ → φˆ (125)
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to minimize confusion when going from the simple generators
to the pseudosuperspace form.
Here, for example, is the composite dotspinor pseudosuper-
field that corresponds to the generator (49):
ωˆ(α˙1···α˙2m+1) =
∑
Symmetrize α˙r
f
[i1···i2m+1]
(j1···jn) φˆi1α˙1 · · · φˆi2m+1α˙2m+1Aˆ
j1 · · · Aˆjn;
(126)
m = 0, 1, 2 · · · , n = 0, 1, 2 · · · (127)
The ‘projection’ techniques discussed in [2] are useful in reduc-
ing these expressions to components.
The constraints mean that the resulting simple chiral dot-
spinor composite pseudosuperfields like ωˆ(α˙1···α˙2m+1) transform
like superfields without the extra terms −gijkAˆ
jAˆkC α˙ that are
in the transformation of the fundamental dotspinor φˆiα˙. That
in turn means that their highest component (the coefficient of
θ · θ) transforms into a total derivitive, which is why they are
found in the cohomology space. The cohomology formed from
these pseudosuperfields and generated by the simple generators
always has free unsaturated Lorentz spinor indices, and gives
rise to certain expressions, the highest component of which is
analogous to the F term of a chiral scalar multiplet, in that its
variation using δBRS is a total derivative.
Strictly speaking, we have found invariants through the sim-
ple generators, but we have not yet shown that they are not
boundaries of the operator δ. This is necessary to establish that
these are really cohomology and not just boundaries. For given
simple examples, it is possible to show this in a simple way, and
that is adequate for present purposes. This is discussed further
in section 11.1.
In fact a careful look at what is going on in [6] shows that
it does not even matter whether the lepton operators there are
in the cohomology space or not. The result does not depend
25
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on that, since the cybersusy action is independently nilpotent
and supersymmetry breaking, and really all that the leptonic
operators are doing is providing a motivation to look at the
cybersusy action. Of course, it is important that the leptonic
operators do have some physics in them, which relates to the
cohomology.
9 A very important example with a review of the no-
tation and two pedagogical examples verifying that this
is a chiral dotted superfield
Now let us consider a non-trivial, and very important, example
of the generator (49):
ωα˙ = f
i
jψiα˙A
j (128)
This yields the superspace version from (126):
ωˆα˙ = f
i
j φˆiα˙Aˆ
j (129)
and use of the forms for the fundamental dotspinor in equation
(86) and the fundamental scalar from (82) yields
ωˆα˙(x) = (130)
f ij
(
ψα˙i(y) + θ
β
(
∂βα˙Ai(y) + C α˙Yiβ(y)
)
−
1
2
θγθγΓi(y)C α˙
)
(131)(
Aj(y) + θδψjδ(y) +
1
2
θǫθǫG
j(y)
)
(132)
Then projection yields the following components:
ωα˙ = ωˆα˙(x)| = f
i
jψiα˙A
j (133)
Wβα˙ = Dβωˆα˙(x)| (134)
= f ij
{
ψ
j
βψα˙i +
(
∂βα˙Ai + C α˙Yiβ
)
Aj
}
(135)
Λα˙ =
1
2
DβDβωˆα˙(x)| (136)
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= f ij
{
−ΓiA
jC α˙ −
(
∂βα˙Ai + C α˙Yiβ
)
ψjβ + ψiα˙G
j
}
(137)
where we use
θβθδ = −
1
2
εβδθǫθǫ (138)
1
4
{
DβDβθ
ǫθǫ
}
|
= 1 (139)
Here the symbols are, in the order shown in equation (137),
defined as follows:
1. The technique of projection used here is explained in [2].
It is the fastest way to go from a product of superfields
to the corresponding component expression. The notation
Dβωˆα˙(x)| means ‘evaluate the expression and then set θ =
θ = 0’.
2. Λα˙ is our standard notation for the highest weight compo-
nent of a chiral dotspinor multiplet–note that the spinor
index on Λα˙ is a dotted spinor index.
3. The tensor f ij is a numerical tensor contracted with flavour
or internal indices i
4. Γi is the Zinn-Justin source for the variation of the scalar
field δAi,
5. Aj is the scalar field in the chiral multiplet,
6. C α˙ is the complex conjugate commuting Weyl spinor space-
time independent supersymmetry ghost. (Cα is the com-
muting Weyl spinor spacetime independent supersymmetry
ghost)
7. Aj is the complex conjugate scalar field in the complex con-
jugate antichiral multiplet,
8. Yiβ is the Zinn-Justin source for the variation of the spinor
field δψiβ,
9. ψjα is the spinor field in the chiral multiplet,
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10. ψjα˙ is the complex conjugate spinor field in the complex
conjugate antichiral multiplet,
11. Gj is a composite term which arises from integration of the
F auxiliary field, and has the form
Gj =
(
gjlqAlAq + Y
j
β˙
C
β˙
)
where gjlq is the complex conjugate of the tensor in the
superpotential.
12. Y
i
β˙ is the complex conjugate Zinn-Justin source for the vari-
ation of the spinor field δψ
β˙
i ,
13. The tensor f ij is required to satisfy the symmetrization con-
straint:
f s(igjk)s ≡ f
s
i gjks + f
s
j gkis + f
s
kgijs = 0 (140)
where gijk is the tensor in the superpotential.
So we see that the generators (49) and (59) are actually the
lowest components of the dotted chiral spinor superfields that
they generate. Similarly (57) and (61) are actually the lowest
components of the undotted chiral spinor superfields that they
generate. The higher components involve the Zinn sources.
10 Verification of the Transformations for the full dot-
spinor ωˆα˙ = f
i
j φˆiα˙Aˆ
j
So we have
ωα˙ = ωˆα˙(x)| = f
i
jψiα˙A
j (141)
Wβα˙ = Dβωˆα˙(x)| = f
i
j
{
ψ
j
βψα˙i +
(
∂βα˙Ai + C α˙Yiβ
)
Aj
}
(142)
Λα˙ =
1
2
DβDβωˆα˙(x)| (143)
= f ij
{
−ΓiA
jC α˙ +
(
∂βα˙Ai + C α˙Yiβ
)
ψjβ + ψiα˙G
j
}
(144)
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For clarity, we include two exhaustive verifications that this
combination does indeed transform as a chiral dotted spinor
superfield under the transformations induced by Table 1:
10.1 Verification of the First Transformation for the full dot-
spinor ωˆα˙ = f
i
j φˆiα˙Aˆ
j
Let us look at the variation of the first term above:
δωα˙ = f
i
j
(
δψα˙iA
j − ψα˙iδA
j
)
(145)
= f ij
([
∂αα˙AiC
α + C α˙Gi
]
Aj − ψα˙iψ
j
βC
β
)
(146)
where we use Table 1, and then use
Gi = −
(
gilqA
lAq + Y βi Cβ
)
(147)
from Table 2. Putting these together yields
δωα˙ = f
i
j
(
δψα˙iA
j − ψα˙iδA
j
)
(148)
= f ij
([
∂αα˙AiC
α − C α˙
(
gilqA
lAq + Y βi Cβ
)]
Aj − ψα˙iψ
j
βC
β
)
(149)
= f ij
{(
∂αα˙Ai + C α˙Yiα
)
Aj + ψjαψα˙i
}
Cα (150)
where we have used the constraint:
f ijgilqA
lAqAj = 0 (151)
Now since
Wβα˙1 = f
i
j
{
−ψα˙1iψ
j
β +
(
∂βα˙Ai + C α˙Yiβ
)
Aj
}
(152)
we see that this is
δωα˙ = Wαα˙C
α (153)
So this term is transforming as a chiral dotted spinor superfield.
We shall skip the second term, and proceed to the third one:
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10.2 Verification of the Third Transformation for the full dot-
spinor ωˆα˙ = f
i
j φˆiα˙Aˆ
j
So this is:
δΛα˙ = (154)
f ij
{
−δΓiA
jC α˙ −
(
∂βα˙δAi + C α˙δYiβ
)
ψjβ + δψiα˙G
j
}
(155)
+f ij
{
+ΓiδA
jC α˙ −
(
∂βα˙Ai + C α˙Yiβ
)
δψjβ − ψiα˙δG
j
}
(156)
Now using Table 1, this becomes:
δΛα˙ = (157)
f ij
{
−
(
−
1
2
∂αβ˙∂
αβ˙Ai + gijkG
jk − ∂αβ˙Y
α
i C
β˙
)
AjC α˙ (158)
−
[
∂βα˙ψiβ˙C
β˙
+ C α˙
(
+∂ββ˙ψ
β˙
i + 2gijkψ
j
βA
k − ΓiCβ
)]
ψjβ (159)
+
(
∂αα˙AiC
α + C α˙Gi
)
Gj
}
(160)
+ f ij
{
+Γiψ
j
βC
βC α˙ (161)
−
(
∂βα˙Ai + C α˙Yiβ
) (
−∂ββ˙AjC β˙ + C
βGj
)
(162)
−ψiα˙∂αβ˙ψ
jαC
β˙
}
(163)
which is
δΛα˙ = (164)
f ij
{
+
1
2
∂αβ˙∂
αβ˙AiA
jC α˙ − gijkG
jkAjC α˙ + ∂αβ˙Y
α
i C
β˙
AjC α˙ (165)
−∂βα˙ψiβ˙C
β˙
ψjβ (166)
−∂ββ˙ψ
β˙
i C α˙ψ
jβ − 2gijkψ
j
βA
kC α˙ψ
jβ + ΓiCβC α˙ψ
jβ (167)
+∂αα˙AiC
αGj + C α˙GiG
j + Γiψ
j
βC
βC α˙ (168)
+∂βα˙Ai∂
ββ˙AjC β˙ + C α˙Yiβ∂
ββ˙AjC β˙ (169)
−∂βα˙AiC
βGj − C α˙YiβC
βGj (170)
−ψiα˙∂αβ˙ψ
jαC
β˙
}
(171)
30
31
Now collect like terms
δΛα˙ = (172)
f ij
{
+
1
2
∂αβ˙∂
αβ˙AiA
jC α˙ + ∂βα˙Ai∂
ββ˙AjC β˙ (173)
−gijkG
jkAjC α˙ − 2giklψ
k
βA
lC α˙ψ
jβ (174)
+C α˙GiG
j − C α˙YiβC
βGj (175)
+∂αβ˙Y
α
i C
β˙
AjC α˙ + C α˙Yiβ∂
ββ˙AjC β˙ (176)
−∂βα˙ψiβ˙C
β˙
ψjβ − ∂ββ˙ψ
β˙
i C α˙ψ
jβ − ψiα˙∂αβ˙ψ
jαC
β˙
(177)
+∂αα˙AiC
αGj − ∂βα˙AiC
βGj (178)
+ΓiCβC α˙ψ
jβ + Γiψ
j
βC
βC α˙
}
(179)
Now the last four terms cancel in pairs and we have
δΛα˙ = (180)
f ij
{
+
1
2
∂αβ˙∂
αβ˙AiA
jC α˙ + ∂βα˙Ai∂
ββ˙AjC β˙ (181)
−giklG
klAjC α˙ − 2giklψ
k
βA
lC α˙ψ
jβ (182)
+C α˙GiG
j − C α˙YiβC
βGj (183)
+∂αβ˙Y
α
i C
β˙
AjC α˙ + C α˙Yiβ∂
ββ˙AjC β˙ (184)
−∂βα˙ψiβ˙C
β˙
ψjβ − ∂ββ˙ψ
β˙
i C α˙ψ
jβ − ψiα˙∂αβ˙ψ
jαC
β˙
}
(185)
Now we can write this as
δΛα˙ = (186)
f ij
{
+
1
2
∂αβ˙∂
αβ˙AiA
jC α˙ + ∂
ββ˙
(
∂βα˙AiA
jC β˙
)
− ∂ββ˙∂βα˙AiA
jC β˙
(187)
−gikl
(
2AkGl − ψkγψlγ
)
AjC α˙ − 2giklψ
k
βA
lC α˙ψ
jβ (188)
+C α˙
(
−Y βi Cβ − giklA
kAl
)
Gj − C α˙YiβC
βGj (189)
+∂αβ˙
(
Y αi C
β˙
AjC α˙
)
(190)
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−∂βα˙ψiβ˙C
β˙
ψjβ − ∂ββ˙ψ
β˙
i C α˙ψ
jβ − ψiα˙∂αβ˙ψ
jαC
β˙
}
(191)
and this simplifies to
δΛα˙ = f
i
j
{
∂ββ˙
(
∂βα˙AiA
jC β˙
)
−gikl2A
kGlAjC α˙ − C α˙giklA
kAlGj
+giklψ
kγψlγA
jC α˙ − 2giklψ
k
βA
lC α˙ψ
jβ
+∂αβ˙
(
Y αi C
β˙
AjC α˙
)
−∂βα˙ψiβ˙C
β˙
ψjβ − ∂ββ˙ψ
β˙
i C α˙ψ
jβ − ψiα˙∂αβ˙ψ
jαC
β˙
}
(192)
From (78), we expect this to be
δΛα˙ = ∂βγ˙W
β
α˙C
γ˙
+ ξγδ˙∂γδ˙Λα˙ (193)
and we can ignore the ξγδ˙ term here. From (142), we have
Wβα˙ = f
i
j
{
ψ
j
βψα˙i +
(
∂βα˙Ai + C α˙Yiβ
)
Aj
}
(194)
So we should find that
δΛα˙ = ∂βγ˙f
i
j
{
ψjβψα˙i +
(
∂
β
α˙Ai + C α˙Y
β
i
)
Aj
}
C
γ˙
(195)
is the same as (192). For this to be true we require the following
1. Firstly, the following should follow from the constraint:
0 = f ij
{
−gikl2A
kGlAjC α˙ − C α˙giklA
kAlGj (196)
+giklψ
kγψlγA
jC α˙ − 2giklψ
k
βA
lC α˙ψ
jβ
}
(197)
2. Secondly, the following should follow from a Fierz transfor-
mation:
∂βγ˙f
i
j
{
ψjβψα˙i
}
C
γ˙
(198)
= f ij
{
−∂βα˙ψiβ˙C
β˙
ψjβ − ∂ββ˙ψ
β˙
i C α˙ψ
jβ − ψiα˙∂αβ˙ψ
jαC
β˙
}
(199)
32
33
3. Thirdly, we should have
∂βγ˙f
i
j
{
∂
β
α˙AiA
j + C α˙Y
β
i A
j
}
C
γ˙
(200)
= f ij∂
ββ˙
(
∂βα˙AiA
jC β˙
)
+ f ij∂αβ˙
(
Y αi C
β˙
AjC α˙
)
(201)
These are all simple exercizes. For example, from (197), we
have:
f ijgiklψ
kγψlγA
jC α˙ − f
i
j2giklψ
k
βA
lC α˙ψ
jβ (202)
= −f ijgiklψ
k
γψ
lγAjC α˙ − f
i
jgiklψ
k
βA
lC α˙ψ
jβ − f ijgiklψ
j
βA
lC α˙ψ
kβ
(203)
= −
{
f ijgikl + f
i
kgijl + f
i
l gijk
}
ψ
j
βψ
kβAlC α˙ = 0 (204)
Also, we have from (199)
f ij
{
−∂βα˙ψiβ˙C
β˙
ψjβ − ∂ββ˙ψ
β˙
i C α˙ψ
jβ − ψiα˙∂αβ˙ψ
jαC
β˙
}
(205)
= f ij
{
+∂βα˙ψ
β˙
i C β˙ψ
jβ − ∂ββ˙ψ
β˙
i C α˙ψ
jβ − ψiα˙∂αβ˙ψ
jαC
β˙
}
(206)
= f ij
{
−εα˙β˙∂
δ˙
β ψ
β˙
i C δ˙ψ
jβ − ψiα˙∂αβ˙ψ
jαC
β˙
}
(207)
= f ij
{
+∂ δ˙β ψiα˙C δ˙ψ
jβ − ψiα˙∂αβ˙ψ
jαC
β˙
}
(208)
= f ij
{
−∂αβ˙ψiα˙C
β˙
ψjα − ψiα˙∂αβ˙ψ
jαC
β˙
}
(209)
= −f ij∂αβ˙
{
ψiα˙C
β˙
ψjα
}
= +f ij∂αβ˙
{
ψjαψiα˙
}
C
β˙
(210)
which is the expression (198), as required. So we have estab-
lished that the third transformation is correct.
11 Cohomology
11.1 Boundaries
In order to establish that the dotspinors form cohomology ob-
jects we need to know that they are not boundaries.
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Actually it is the integral of the highest component of any
dotspinor that is in the cohomology space. For example∫
d4x Λα˙ (211)
=
∫
d4x f ij
{
−ΓiA
jC α˙ +
(
∂βα˙Ai + C α˙Yiβ
)
ψjβ + ψiα˙G
j
}
(212)
∈ H (213)
We know that this transforms to a total derivative, and so
δ
∫
d4x Λα˙ =
∫
d4x ∂βγ˙W
β
α˙C
γ˙
= 0 (214)
But to establish that this is really in the cohomology space we
need to also show that it is not a boundary. We need to show
that there is no local polynomial Bα˙ such that:∫
d4x Λα˙ = δ
∫
d4x Bα˙ (215)
To do this is not hard. There are only the following possibilities:∫
d4x Bα˙ =
∫
d4x
{
e1,ijY
i
α˙A
j + ej2,iY
i
α˙Aj
}
(216)
and these do not work. The possibilities are very limited be-
cause
1. The dimension of the integrand must be 312;
2. The ghost number of the integrand must be minus one;
3. The integrand must have one unsaturated dotted spinor
index;
4. The integrand must not be a total derivative; and
5. The integrand must be local.
To prove this in general for the simple dotspinors is probably
not very difficult, but it is not essential for now, since we are
only using low dimensional examples for the leptonic dotspinors
in this series of four papers, and the boundaries are so different
from the dotspinors that it is obvious that the dotspinors are in
the cohomology space. The baryons will require a little more
work along these lines.
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11.2 The effects of the rest of the cohomology
The simple generators do not generate all the operators in the
cohomology space of the operator in Table 1. To find all the co-
homology requires one to use spectral sequences along the lines
of [5]. There are still many unsolved problems there. However
it is evident from what is known that there are infinite series
of operators with ghost charge zero, one, two... that generalize
the simple generators and provide operators in the cohomol-
ogy space. What can be expected to arise is a generalization
of the results in [4]. That paper shows that when one includes
derivatives in the operators ψ, ψ, A,A that are used to generate
the simple generators, one obtains more cohomology subject to
more symmetrization conditions. Those operators will also be
subject to constraints like the ones for the simple generators,
and there will be generalized pseudosuperfields to generate the
full expressions.
In addition it should be noted that if one finds an opera-
tor of physical interest, say ωˆα˙ = f
i
j φˆiα˙Aˆ
j, then there are an
infinite number of other operators even within the realm of
the simple dotspinors, that also would have the same physi-
cal interest, and that would also solve the constraints, namely
ωˆα˙ = f
i
j φˆiα˙Aˆ
jF [Aˆ] where F [Aˆ] is any polynomial in Aˆ that has
the quantum numbers of the Lagrangian (except for its mass
quantum number).
But on the other hand, such multiplication by a scalar can
be absorbed into the transformation that was contemplated in
[6] where the effective fields were defined, so it would proba-
bly not change the results of [6] very much by including this
generalization.
The generalization of the simple fields to include derivatives
could be expected to make a change however. But it is a change
that could be expected to be of order
(
Momentum
Mass
)n
and therefore
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suppressed in effect.
Of course, one also needs to generalize Table 1 to include
supersymmetric gauge theory. This needs a separate treatment
of course. In the next paper [8], this will be discussed a little
more. The main effect will be to single out gauge invariant
specimens of the simple dotspinors, except that we can allow
them to have non-zero U(1) charge given our interest in the
physics.
So the conclusion is that the results of the first paper of this
series [6], do deserve to be taken as a serious first approxima-
tion to supersymmetry breaking, even when one takes all the
cohomology into account.
12 Supersymmetric Standard Model
In the next paper in this series [8], it will be shown that these
constraint equations have solutions in the massless Supersym-
metric Standard Model (SSM), and that these composite chiral
dotted spinors (and their complex conjugates) describe inter-
esting composite particles in the massless SSM, including su-
persymmetric versions of the familiar hadrons.
It is worth noting the following:
1. It appears that the composite chiral dotspinors do not arise
when one uses superspace formalism, because they depend
essentially on the presence of the Zinn sources, and on the
integration of the auxiliary fields. This arises because su-
perspace is so implicit and because the chiral superfields
are constrained. Furthermore, non-linear terms, with the
auxiliary fields not integrated, also appear to require ma-
nipulation that is equivalent to integration of the auxiliary
fields.
2. However superspace reappears as shown above, in a con-
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strained way. But note that in superspace for the Wess
Zumino model, one is not led to invent anything like φˆiα˙ in
(86).
3. There is nothing comparable to this in non-supersymmetric
theories, such as the standard model without supersymme-
try. In those theories the Zinn Sources do not play such
an important role in forming new composite invariants as
they do in (137), and there is nothing comparable to the
constraint (140), except invariance under the gauge group,
which is really quite different.
4. In the first paper of this series [6], we used the fact that
these composite chiral dotspinors lend themselves to the
formation of an effective action for various parts of the stan-
dard supersymmetric model.
5. In the next paper of this series [8], we will see that when one
breaks the gauge symmetry spontaneously in the usual way,
the effective actions describe a model for broken supersym-
metry which arises from the mixing of the usual observable
supermultiplets (like the electron) with new composite su-
permultiplets described by these composite dotspinors.
13 The operator d3 and the constraint equations
13.1 The Superpotential Operator d3
Now that we have the form of δBRS explicitly, we can have a
more complete discussion of the material in section 4.
In this paper we will continue to consider only the simple sit-
uation where there are no derivatives, and we will only discuss
the action of the following operator:
d3 = Cαg
ijkAjAkψ
i†
α + C α˙gijkA
jAkψ
i†
α˙ (217)
on objects in the simple subspace described in section 4.
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So, for example, consider the situation where we have an
expression of the form:
A(αβ) = f
pqr
[ij] ψ
i
(αψ
j
β)ApAqAr (218)
Now we get
d3A(αβ) (219)
= Cαg
ijkAjAkψ
i†
α f
pqr
[ij] ψ
i
(αψ
j
β)ApAqAr (220)
= 2C(αψ
j
β)f
pqr
[ij] g
istAsAtApAqAr (221)
and so the constraint equation is
f
(pqr
[ij] g
st)i = 0 (222)
It may seem strange that the SSM has solutions to these equa-
tions, given that equation (222) is all about symmetrization.
The reason that the SSM affords solutions is that the SSM has
a direct product structure of group indices with colour, isospin
and hypercharge and it also has three flavours, and it has dif-
ferent representations for the left and right chiralities. In other
words, some of the fields in the SSM have multiple indices, and
the different fields have different numbers of indices, as is well
known. This means that symmetrization can be achieved by
double antisymmetrization in the multiple indices, etc. It will
be seen that this is how the SSM comes up with solutions to
these symmetrization constraints.
This also means that grand unified theories confront some
new issues when one looks for solutions of the constraints for
such theories. The solutions to the constraints are tightly
bound up with the field content.
13.2 Invariance of the Superpotential
There is another way to look at the constraint equations. Con-
sider the operator above in equation (218):
A(αβ) = f
pqr
[ij] ψ
i
(αψ
j
β)ApAqAr (223)
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and let us construct the new related operator:
Lf(αβ) = f
pqr
[ij]C(αψ
j
β)ApAqAr
∂
∂Ai
(224)
or more simply the operator
Lj = f
pqr
[ij]ApAqAr
∂
∂Ai
(225)
operating on the superpotential:
Y = gpqrApAqAr (226)
Observe that the constraint (222) can also be obtained as fol-
lows:
LjY = 0⇒ f
pqr
[ij] g
istAsAtApAqAr = 0⇒ f
(pqr
[ij] g
st)i = 0 (227)
From this point of view the constraint can be viewed as an
invariance of the superpotential, with invariance operator Lj.
The set of all eligible operators Lj forms a Lie algebra of in-
variances of the superpotential. Moreover, for any Lj which
generates an invariance of the superpotential, we can construct
a dotspinor in the cohomology space.
Similarly for the complex conjugate, we have:
L
j
= f
[ij]
pqrA
pAqAr
∂
∂Ai
(228)
operating on
Y = gijkA
jAkAi (229)
The set of all eligible operators Lj forms the complex conjugate
Lie algebra of invariances of the complex conjugate superpoten-
tial.
This observation may yield some insight into the constraint
equations for an arbitrary superpotential, but it needs further
work. This implies something about the SSM too, but it is not
clear to the author what that is.
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14 Conclusion
In this paper we have derived the BRS transformations for the
massless chiral Wess Zumino model and explained how a large
set of simple dotspinors and their complex conjugates fit into
the cohomology space. The constraint equations that come
from the operator d3 have been explained and illustrated. The
various dotspinors in their expanded form in terms of compo-
nents have been exhibited, and some examples of the transfor-
mations have been illustrated in excruciating detail. Construc-
tion of component forms for the dotspinors has been illustrated
using projection on pseudosuperfields. It has been shown that
the resulting form of the polynomials in the cohomology space
arise from the highest dimension θ · θ components of the dot-
spinors. For low dimensional examples, the possible boundaries
have been examined, and it has been shown and that the dot-
spinor cohomology are not boundaries of the form δB for any
local poynomial B. The relationship between simple dotspinor
cohomology and the Lie algebra of invariances of the superpo-
tential has been explained.
The formalism is now ready for application to the SSM, and
that will form the subject of the third paper in this series [8].
A Conventions, Lorentz metric and Weyl spinors
A.1 Lorentz metric and σ matrices
The Lorentz metric is defined by the relation:
xµx
µ = ηµνx
µxν = −x20 + x
2
1 + x
2
2 + x
2
3 (230)
The hermitian 2× 2 sigma matrices are defined as usual:
σ1 =
 0 1
1 0
 (231)
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σ2 =
 0 −i
i 0
 (232)
σ3 =
 1 0
0 −1
 (233)
and the two dimensional unit matrix is of course:
1 =
 1 0
0 1
 . (234)
These satisfy the relations:
3∑
i=1
σiβα σ
iδ
γ = 2δ
δ
αδ
β
γ − δ
β
αδ
δ
γ (235)
σiβα σ
jγ
β = δ
ijδγα + iǫ
ijkσkγα i = 1, 2, 3 (236)
To develop Weyl spinors, we change notation a bit.
We take:
σ0
αβ˙
= −σ0αβ˙ = (1)αβ˙ (237)
and we let the other sigma matrices be given by (i=1,2,3)
σi = σi = (σi)αβ˙ (238)
Let us summarize these definitions in the form:
σ
µ
αβ˙
= (1, σi)αβ˙ (239)
The complex conjugate matrices are defined by:
(σµ
αβ˙
)∗ = σµα˙β = σ
µ
βα˙ (240)
since the σ matrices are hermitian. Contrary to the usual con-
vention, we do not reverse the order of (anticommuting) spinors
when taking the complex conjugate. (Reversing the order of
commuting spinors makes no difference of course.) Indices are
raised and lowered as follows:
ψα = εαβψβ (241)
ψα = −εαβψ
β (242)
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ψ
α˙
= εα˙β˙ψβ˙ (243)
ψα˙ = −εα˙β˙ψ
β˙
(244)
where the ǫ tensors are real antisymmetric matrices with:
εαγεβγ = δ
α
β (245)
εα˙γ˙εβ˙γ˙ = δ
α˙
β˙
(246)
where δαβ = 1 if α = β and δ
α
β = 0 if α 6= β (Same for δ
α˙
β˙
). We
can write this in the form:
δαβ = (1)
α
β (247)
We take:
ǫαβ = i(σ2)
αβ (248)
ǫαβ = i(σ2)αβ (249)
Using this rule for raising and lowering indices, we have:
σµα˙β = ǫα˙δ˙ǫβγσµ
δ˙γ
= (1,−σi)α˙β (250)
so that:
σα˙βµ = −(1, σ
i)α˙β (251)
where we use the relations:
σ2(σi)
∗σ2 = −σi (252)
It is easy to check that the sigma matrices satisfy the follow-
ing relations:
σiσj = δij1+ iεijkσk (253)
which results in a number of other relations such as:
σ
µ
αα˙σ
να˙β + σναα˙σ
µα˙β = −2ηµνδβα (254)
σ
µ
αβ˙
σγ˙δµ = −2δ
δ
αδ
γ˙
β˙
(255)
We define:
σ
µν
αβ = σ
µν
βα = −σ
νµ
αβ =
1
2
[σµαγ˙σ
νγ˙
β − σ
ν
αγ˙σ
µγ˙
β]
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=
1
2
[σµαγ˙σ
ν
βδ˙
− σναγ˙σ
µ
βδ˙
]εγ˙δ˙ (256)
and
σµνα˙β˙ = σµνβ˙α˙ = −σνµα˙β˙
= −
1
2
[σµα˙γσνδβ˙ − σνα˙γσµδβ˙]εγδ (257)
Then
(σ0i) βα = −(σ
i) βα (258)
(σij) βα = −iε
ijk(σk) βα (259)
Let us use the following shorthand:
A · σµ · B = Aασµ
αβ˙
B
β˙
, A · σµ · B = A
α˙
σ
µ
α˙βB
β (260)
The following identities help to familiarize the notation. For
commuting spinors:
A · B = −B · A = AαBα (261)
A · B = −B · A = A
α˙
Bα˙ (262)
For anticommuting spinors:
χ · ψ = ψ · χ = ψαχα (263)
χ · ψ = ψ · χ = ψ
α˙
χα˙ (264)
We use latin letters for commuting spinors and greek letters for
anticommuting ones. Here is another use of this dot product:
(σµ · σν · σλ)αδ˙ = (σ
µ)αβ˙(σ
ν)β˙γ(σλ)γδ˙ (265)
It should be remembered that since εαβ is antisymmetric, one
gets:
χαψ
α = −χαψα (266)
Formulae involving products of these invariant tensors can be
reduced using the basic relations:
σµ · σν · σλ + σλ · σν · σµ = 2ηµλσν − 2ηµνσλ − 2ηλνσµ (267)
43
44
σµ · σν · σλ − σλ · σν · σµ = −2iεµνλρσρ (268)
where we define:
ε0ijk = εijk (269)
Similarly one gets:
(A · σµ · B)∗ = B · σµ · A = A · σµ ·B (270)
and in particular
(A · σµ ·A)∗ = A · σµ · A = A · σµ · A (271)
is a real quantity. The Fierz identity takes the form:
Aασ
µ
αβ˙
B
β˙
Cγσµγδ˙D
δ
= −2AαCαB
β˙
Dβ˙ (272)
or
A · σµ · BC · σµ ·D = −2A · C B ·D (273)
for commuting spinors, with appropriate change of sign for the
anticommuting case.
Note that since the rule for raising is
Aα = εαγAγ (274)
and the rule for lowering is
Aβ = A
δεδβ = −εβδA
δ (275)
we have
εαγεβγ = ε
α
β = −ε
α
β = δ
α
β = δ
α
β = δ
α
β (276)
So this is consistent with the conventions.
A.2 Spacetime coordinates
Now define
xµ = xαβ˙σµ
αβ˙
(277)
xµ = xαβ˙σ
αβ˙
µ (278)
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Using the basic relations
σ
µ
αβ˙
σνγβ˙ + σν
αβ˙
σµγβ˙ = −2ηµνδγα (279)
σ
µ
αβ˙
σναβ˙ = −2ηµν (280)
and
σγδ˙µ σ
µ
αβ˙
= −2δδ˙
β˙
δγα (281)
we see that the inverse is
xαβ˙ = −
1
2
xµσ
µ
αβ˙
(282)
xαβ˙ = −
1
2
xµσαβ˙µ (283)
Here is the derivation
xαβ˙ = a1xµσ
µ
αβ˙
= a1xγδ˙σ
γδ˙
µ σ
µ
αβ˙
= a1xγδ˙
(
−2δγαδ
δ˙
β˙
)
(284)
= −2a1xαβ˙ (285)
⇒ a1 = −
1
2
(286)
A.3 Derivatives
So
∂αβ˙ =
∂
∂xαβ˙
=
∂
∂xµ
∂xµ
∂xαβ˙
(287)
=
∂
∂xµ
∂(xγδ˙σµ
γδ˙
)
∂xαβ˙
=
∂
∂xµ
σ
µ
αβ˙
= ∂µσ
µ
αβ˙
(288)
which summarizes as
∂αβ˙ = ∂µσ
µ
αβ˙
(289)
The inverse is
∂µ =
∂
∂xµ
=
∂xαβ˙
∂xµ
∂
∂xαβ˙
(290)
=
∂
(
−1
2 x
νσαβ˙ν
)
∂xµ
∂
∂xαβ˙
=
−1
2
σαβ˙µ
∂
∂xαβ˙
(291)
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And also
xαβ˙y
αβ˙ = xµσ
µ
αβ˙
yνσ
ναβ˙ = −2xµy
µ (292)
A.4 Product of Derivatives
∂αβ˙∂
αγ˙ = ∂µ∂νσ
µ
αβ˙
σναγ˙ (293)
= ∂µ∂ν
1
2
(
σ
µ
αβ˙
σναγ˙ + σν
αβ˙
σµαγ˙
)
(294)
= ∂µ∂ν
1
2
(
−2ηµνδγ˙
β˙
)
= ∆δγ˙
β˙
(295)
Similarly:
∂αβ˙∂
γβ˙ = ∆δ γα (296)
εγα∂αβ˙ = ∂
γ
β˙
(297)
∂αβ˙εαγ = ∂
β˙
γ (298)
εαγε
δγ = δδα (299)
A.5 Equations of motion and mass and the d’Alembertian
That means that in fact
∂αβ˙∂
αβ˙ = 2∆ (300)
and so
∆ =
1
2
∂αβ˙∂
αβ˙ (301)
In the present paper, we have used the notation:
X =
∆
m2
(302)
So the d’Alembertian operator has the form:
∂µ∂
µ (303)
=
(
−1
2
∂αβ˙σ
αβ˙
µ
) (
−1
2
∂γδ˙σ
µ
γδ˙
)
=
−1
2
∂αβ˙∂
αβ˙ (304)
46
47
and so we have
1
2
∂αζ˙∂
αζ˙ = ∆ = −∂µ∂
µ (305)
Now the equation of motion for a particle involves the expres-
sion:
∂µ∂
µ → −pµp
µ = m2 (306)
if it is on shell. So the correct signs are
pµp
µ +m2 = −p20 + pipi +m
2 (307)
for a propagator and
∆ +m2 = −∂µ∂
µ +m2 = ∂0∂0 − ∂i∂i +m
2 → −p20 + pipi +m
2
(308)
for an equation of motion.
X is a parameter defined as follows:
X =
∆
m2
=
−∂µ∂µ
m2
=
∂0∂0 − ∂i∂i
m2
→
−p20 + pipi
m2
(309)
X appears when we solve for the propagators which are the
inverse of the kinetic terms. It is defined to be dimensionless.
Masses arise in the theory for values of X for which the denom-
inators of propagators go to zero. Thus if we have a propagator
1
m2(X +X0)
=
1
−p20 + pipi +X0m
2
(310)
then there is a mass at a positive value of X0, and the value of
X is for that mass is negative.
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